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ABSTRACT
Successional dynamics within an oligohaline, macrofaunal, fouling community and 
the role of the dominant fouing organism, the hydroid Garveia franciscana, were 
evaluated in three seperate studies. Succession and community structure of the 
community was studied, using artifical substrate, from November 1991 through 
November 1992 within the coolant water intake canal to a power station. Within the 
subestuary where the aforementioned study was conducted, the distribution of hydroids 
along a salinity gradient was described with reference to salinity and temperature 
conditions. Lastly, the salinity tolerances of Garveia franciscana were described from 
laboratory experiments and related to the known field distribution and abundance pattern.
Studies on the oligohaline fouling community showed that recruitment of fouling 
organisms occurred between May and October, with the community being dominated by 
Garveia franciscana. The community structure consisted of large masses of G. 
franciscana covered with tubes of the amphipod Corophium lacustre. This matrix was 
then inhabited by various other species. The final community structure did not depend 
on age of the substrate or the time of year it was initially deployed. Disturbance did not 
have a large effect on the community. Facilitation of hydroids by barnacles occurred at 
the beginning of the fouling season, however, biological interactions were not important 
in determining community structure. Species composition was influenced largely by 
seasonal processes.
The hy droid survey of the James River yielded twelve species of a known 43 that
have been reported from the Chesapeake Bay. The most commonly found species was 
Garveia franciscana', it was found within a range of 0-23 %o and 12-30°C. The observed 
pattern of distribution for most species, including Garveia franciscana, agreed with the 
results of previous studies. However, Clytia spp. and Obelia bidentata seemed to be 
limited to meso-polyhaline regions whereas other studies have shown these taxa to be 
abundant in oligohaline regions.
The laboratory data from the salinity /growth experiment and the known natural field 
distribution of Garveia franciscana do not correspond perfectly, but there is general 
overall agreement when considering natural fluctuations in salinity. An adaptation of G. 
franciscana to osmotic stress was proposed. This hy droid appears to have the ability to 
maintain polyps as buds, thus reducing osmotic stress by reducing the surface area 
exposed to the environment. This adaptation may allow G. franciscana to withstand 
periods of environmental stress until more favorable conditions arise.
Together, these three studies show that seasonality and salinity play major roles in 
determining the epifaunal community structure within an oligohaline region of a 
temperate estuary.
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The Dynamics of a Oligohaline, Macrofaunal, Fouling Community
INTRODUCTION
Research on succession (nonseasonal, continuous and directional changes in 
community composition through time) of low diversity epifaunal communities within 
oligohaline regions of estuaries is limited. Within temperate regions recruitment to such 
communities is seasonal and the model of succession could change seasonally. 
Hypothetically, this could lead to different communities on substrates of different ages. 
One of the primary objectives of this thesis was to test this hypothesis. Preliminary 
observations of a subtidal, oligohaline fouling community in the James River Estuary 
indicated that the hydro id Garveia franciscana was the dominant fouling organism. 
Successional dynamics and the role of Garveia franciscana were evaluated in three 
separate, but related, studies.
The first chapter of this thesis is a study of the dynamics of an oligohaline fouling 
community within the coolant water canal of a power station. Artificial substrates were 
used over a one-year period to determine if succession occurred and if so, what model(s) 
best described that succession. Hypotheses concerning age of the artificial substrate and 
the subsequent community structure were tested and related to potential mechanisms of 
succession.
Chapters 2 and 3 are concerned with the dominant organism within the fouling 
community, the hy droid Garveia franciscana. In Chapter 2 the broad-scale natural 
distribution of this and other hydroid species are examined within the subestuary where 
succession and community structure were studied. Oligohaline and mesohaline reaches 
of the James River Estuary was surveyed for hydroids, and distributions were described
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with respect to temperature and salinity regimes. Chapter 3 focuses on determining if 
salinity tolerances could affect growth and the natural distribution of Garveia 
franciscana.
3
Chapter 1.
The Dynamics of an Oligohaline Fouling Community
ABSTRACT
Community structure and succession (nonseasonal, continuous and directional 
changes in community composition through time) in marine epifaunal communities have 
been studied by examining fouling assemblages on natural and artificial substrates. These 
studies have shown that facilitation, inhibition, and tolerance can occur simultaneously 
or progressively through time within a habitat. Within temperate estuaries, the 
mechanism of succession may change through the season and settlement of organisms is 
seasonal. Therefore the age of the substrate and the time of its immersion may determine 
community structure.
Panels (10cm x 10cm) were deployed at staggered time intervals throughout the year 
to monitor the fouling community. Species composition of the fouling community as 
well as dry weights, volatile solids, and inorganic carbon were determined.
Most fouling occurred from May through October. The community was comprised 
of 24 macrofaunal species, only 12 of which were fairly common. The community 
throughout the entire fouling season was dominated by masses of the hydroid Garveia 
franciscana covered by tubes of the amphipod Corophium lacustre. This matrix was 
inhabited by various other species. During August and September sloughing events 
occurred on most panels. These disturbances removed some to nearly all of the material 
from the panels.
The presence or absence of most organisms seemed to be predominantly related to 
environmental parameters. Disturbance did not have a large effect on the community 
structure, although it grossly affected annual production estimates. Net production, 
estimated from growth, on 2, 4, and 8 week old panels were about 80, 832, and
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SOSSgCm^yr1. However, sloughing reduced the annual net production estimate to only 
967gCm~2y r 1. There was clear evidence for facilitation of hydroids by barnacles early in 
the fouling season, but not in the last half of the season. Facilitation is known to affect 
the rate at which the final community is achieved, but not the actual structure itself. 
There was no evidence for inhibition or tolerance. Hence, biological interactions as 
modelled by facilitation, inhibition, or tolerance were not important in determining final 
community structure. Since environmental parameters appeared to have the most 
influence on species composition and biological interactions had little or no influence, the 
results fit well with the hierarchical approach to successional dynamics thought to occur 
in soft-bottom communities.
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INTRODUCTION
Physical parameters, life history traits of organisms, and biological interactions may 
influence the species composition of a habitat (Menge & Sutherland, 1987; Zajac & 
Whitlatch, 1984). A hierarchical structure of these factors is thought to influence 
successional dynamics in soft-bottom communities (Zajac & Whitlatch, 1984) and 
intuitively this should extend to epifaunal communities. Environmental conditions are 
thought to be at the top of the hierarchy, with species life histories second and biological 
interactions last.
Succession is defined as nonseasonal, continuous and directional changes in 
community composition through time (Greene & Schoener, 1982). The types of biotic 
interactions that may cause succession can be described by three principal models: 
facilitation, tolerance, and inhibition (Connell & Slatyer, 1977). The facilitation model 
states that the initial occupants (early successional species) of a habitat change the habitat 
making it more suitable for the recruitment of other species (later successional species). 
The later successional species will eventually dominant the community. The tolerance 
model states the initial occupants of a habitat do not make it more or less suitable for the 
recruitment of other species. The species that can best exploit the resources of the 
habitat will eventually dominant the community. The inhibition model states that the 
initial occupants of a habitat make the habitat less suitable for the recruitment of other 
species. Thus the initial occupants dominate the community. These models generally 
apply to plants in terrestrial systems and sessile species in aquatic systems because these 
types of organisms occupy a well-defined area and modify local physical conditions 
(Connell & Slatyer, 1977). Much of the early work on succession focused on facilitation
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in terrestrial systems. However, more recently succession of marine epifaunal 
communities has received much attention.
Marine epifaunal communities are structurally dominated by sessile species such as 
algae, hydroids, tunicates, bryozoans, mussels, and barnacles, although mobile species 
such as crabs, polychaetes, and amphipods may be present. The structure provided by 
dominant sessile species affects the quantity and the quality of the habitat (Suchanek, 
1979; Dean, 1981) by acting as a refuge, creating new microhabitats, increasing the 
surface area, and/or altering flow patterns which may influence larval recruitment and 
food availability. Structure is an important characteristic of a system, determining 
habitat suitability for both sessile and mobile species (Dean, 1981).
Succession and structure are intimately associated. Recruitment and subsequent 
growth of sessile species change the structure of the environment, which can change the 
suitability of that environment for other species. This causes succession.
Succession within marine epifaunal communities has been studied on both natural and 
artificial substrates. Both biotic and abiotic factors were suggested as being influential 
in the seasonal settlement patterns associated with temperate fouling communities (Coe 
& Allen, 1937; Graham & Gay, 1945). In North Carolina succession was determined 
not to occur because of variable initial recruitment and lack of a stable climax community 
(Sutherland & Karlson, 1977). However, convergence of community structure into a few 
species assemblages has been found to proceed through inhibition in Washington (Greene 
& Schoener, 1982), while obligate facilitation was noted in the development of a 
surfgrass community (Turner, 1983). Additionally, initial colonizers do not always have 
the same effect on subsequent recruiting species and the model of succession can change
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through time (Farrell, 1991). The models of succession are very simplistic, and a 
combination or sequence of them is probably necessary to describe a system over time 
(Walker & Chapin, 1987).
In temperate estuaries, succession is complicated by a seasonally changing 
environment. Settlement patterns are strongly associated with salinity and temperature 
(WHOI, 1952; Rajagopal et al, 1990; Boero, 1984; Oshurkov and Oksov, 1984). Thus 
settlement is seasonal for most temperate estuarine fouling organisms (Sheer, 1945; 
WHOI, 1952; Cory, 1967; Osman, 1977; Goren, 1979; Wehr, 1981; Otsuka & Dauer, 
1982; Smedes, 1984; Brault & Bourget, 1985; Rajagopal et al, 1990). Movement of 
water masses within estuaries can also have a profound effect on succession by 
determining salinity, temperature, concentrations of dissolved oxygen, food availability, 
and larval distribution (Boero, 1984; Smedes, 1984). Previous studies differ in their 
assessment of succession in estuaries. Water temperature, not biological interactions, 
was found to play a major role in determining the species composition of a meso- 
polyhaline temperate fouling community (Calder & Brehmer, 1967), while a similar 
estuarine system was best described by a combination of the models (Dean & Hurd, 
1980).
Species diversity is low within oligohaline regions of estuaries (Remane & Schlieper, 
1971; Boesch et al, 1976). Hence, successional processes in the early stages of fouling 
may be very important in determining final community structure. The mechanism of 
succession may change throughout the fouling season and since settlement is seasonal, 
the season in which submergence of the substrate occurs may be important in determining 
final community structure. The objectives of this study were (1) to monitor short term
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succession (maximum of 8 weeks) of a temperate oligohaline fouling community 
throughout a year, and (2) at the end of the fouling season, to determine if community 
structure differs on patches of different ages and (3) to relate these results to the 
successional results.
STUDY AREA
The study was conducted within the intake canal of the Surry Nuclear Power Station, 
located on Hog Island in the James River, VA USA (Figure 1-1). A 2.74 km long intake 
canal supplies coolant water for the reactor directly from the James River. Water is 
pumped into the canal and then gravity fed through the power station. Hence, changes 
in water level within the canal is not related to tidal periodicity. Water residence time 
within the canal ranges from a half hour to one hour (Virginia Power, 1993). The yearly 
salinity of the James River in this area has been reported to range from 0.1 to 10.9%o 
and water temperatures vary from 0°C in the winter to 30°C in the summer (Jordan and 
Sutton, 1984).
MATERIALS AND METHODS
The fouling community was studied for one year, beginning in November 1991, by 
immersion of a series of 10cm x 10cm sanded PVC panels (Graham & Gay, 1945). 
These panels were attached to "H" shaped frames constructed of PVC tubing, with three 
panels placed to facing into the current on each of four arms (Figure 1-2).
Five frames were suspended near the end of the intake canal, adjacent to the entrance 
into the plant. All frames were positioned at the same relative water depth, which varied
10
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Surry Nuclear (Hog Jslan 
Power Station Study Site
Intake Canal
Figure 1-1. Location of the study site within the intake canal at the 
Surry Nuclear Power Station, James River, VA USA.
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Water Flow
Cable
rame
Datasonde Weight
Figure 1-2. Schematic of a PVC frame with attached panels and the 
placement of these frames within the intake canal.
between one and two meters. Panel placement was random. A Hydrolab Datasonde 3 
was deployed within the canal near the frames and recorded temperature, salinity, and 
dissolved oxygen every 15 minutes throughout the study period.
To monitor short term succession, the placement time of panels was staggered so that 
on every sampling date panels of different ages could be examined. During spring, 
summer, and fall, panels were videotaped weekly to document visible changes in the 
community, but were sampled every other week. On each sampling date, nine panels 
were collected: three each of 2, 4, and 8 weeks of exposure. In winter, sampling and 
videotaping was carried out monthly due to low temperatures and reduced settlement and 
growth; a total of 6 panels were sampled, three each of 4 and 8 weeks of exposure.
To determine if the final structure of the community varied among patches of 
different ages, six panels were deployed, about 12 weeks apart, in the peak of each 
season (fall, winter, spring, and summer). These panels were not removed for 
community analysis until the end of the experiment. They were monitored by video 
camera on the same dates as the succession panels to document visible changes in the 
community through time.
Sampled panels were removed from frames and clean replacement panels were 
installed. Each sampled panel was placed in a bag filled with canal water and kept on ice 
for transport back to the lab. Although preserving the samples in formalin would have 
reduced deterioration and facilitated taxonomic identification, this was not feasible 
because panels had to be reused and contamination could have affected future 
recruitment. In the lab, panels were photographed before microscopic examination and 
determination of the species composition. All material from the front side of the panel
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was removed (excess water allowed to drain off) and weighed, then dried at 50°C until 
a constant weight was reached. The material was then ashed at 550°C for four hours to 
determine the volatile solid content, followed by an additional burn at 1000°C to 
determine the carbonate content (Carver, 1971).
DATA ANALYSIS 
Cluster Analysis
The Dice similarity measure was used to show similarity between panels of different
ages, as well as similarity between panels collected on separate sampling dates (Krebs,
Where: a = number of species in common.
b — number of species on one, but not 
on the other, set of panels. 
c = opposite of b.
1989). Replicate panels were grouped together for the analysis. Species with only one 
occurrence throughout the year were not included in the analysis. This qualitative 
similarity measure is based on the presence or absence of a species and ranges from 1.0 
for identical species composition to 0.0 for completely dissimilar species composition. 
The similarity measure was used in conjunction with a flexible linkage (0=-0.25) sorting 
scheme to produce a dendrogram which depicted similarity among panels (Greene & 
Schoener, 1982). Clustering was done using the program COMP AH on a Prime 
computer system at the Virginia Institute of Marine Science.
Similarity =
2a+b+c
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Final community structure among patches of different ages
ANOVA and Ryan’s Q were used to determine differences in percent cover, dry 
weight, volatile solids, and inorganic carbon among panels of different ages. Dry weight, 
volatile solids, and inorganic carbon values were transformed by log(x+l) because of 
heterogeneity of variances. The above cluster analysis was used to determine the 
similarity of different age classes of panels.
Temperature and salinity data for regression analysis
Multiple regression analysis was used to determine if temperature and salinity were 
significantly related to dry weight. Dry weight values were regressed against 
temperature, salinity, and a series of dummy variables representing the month of 
deployment and each age class of panels. If there was a significant F-test for the overall 
regression, then partial regression coefficients were used to test whether the individual 
independent regressors were significant. Variables were removed from the analysis 
through iterative analyses checking the partial regression coefficients and the effect of 
inclusion/exclusion of the variables on the mean square error. Since this was a repeated 
runs regression (it contained replicate measures of dry weight) an F-test for lack-of-fit 
was performed to determine the adequacy of the model (Draper, 1981).
All temperatures and salinities within the time period a panel was deployed were 
averaged and used for regression analysis. Thus, all 2 week panels were regressed 
against the average temperature and salinity for the two weeks prior to sampling, all 4 
week panels were regressed against the average temperature and salinity for the four 
weeks prior to sampling, etc.
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Logistic growth
Euler’s method of numeric integration was used to approximate the logistic growth 
equation (Finizion & Ladas, 1978):
(Edelstein-Keshet, 1988). A computer program (Appendix A) that graphically displayed 
this function for various choices of the intrinsic growth parameter, r, was used to fit the 
yearly dry weight averages for the 2, 4, and 8 week panels by "eye". The value of r 
was estimated by determining a value that appeared to give a good fit of the function to 
the data. The carrying capacity, K, was assumed to be the average dry weight of the 8 
week panels. The logistic curve was sectioned into four parts using two week intervals, 
0 to 2, 2 to 4, 4 to 6, and 6 to 8 weeks. The slope taken at the mid-point of the 
intervals is an approximation of the growth rate for that two week interval.
Percent volatile solids and inorganic carbon
Volatile solids and inorganic carbon were expressed as a percent of the dry weight. 
The percent volatile solid data and percent inorganic carbon data were arcsine 
transformed and were separately regressed against time for each age class of panels (Zar, 
1984). Since these were repeated runs regressions, F-tests for lack-of-fit were conducted 
to determine the adequacy of the models.
dN  = r N  (K-N) 
dt K
Where: N  = dry weight
r = growth parameter 
K  = carrying capacity
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Organic carbon
The amount of volatile solids was converted to organic carbon content by dividing 
by a conversion factor of 1.8 (Carver, 1971; Craft et al, 1988). Productivity was the 
calculated as the grams of organic carbon produced per meter squared per year, plus or 
minus standard error.
Facilitation as a mechanism of succession and available surface area for colonization
To determine if fouling structure facilitated recruitment of hydroids which were 
observed to recruit primarily on barnacles (see results), the available surface area for 
hy droid colonization must be determined. Barnacles were the main structure to influence 
recruitment of hydroids although Corophium tubes were present (see results). However, 
only data on percent cover of the panel were taken, not the actual numbers and sizes of 
barnacles or Corophium tubes. For ease of calculating total surface area of structure, the 
total area covered was assumed to be all barnacles.
By examining photographs and video tapes, the average size of a barnacle was 
estimated to be 5mm basal diameter and 1.5mm opercular diameter. Height was never 
measured and was difficult to discern from photographic information. It was estimated 
to be 5mm since relatively uncrowded barnacles are rarely taller than their basal diameter 
(Bertness, 1989).
The basal surface area of the average barnacle was 19.6mm2. The total number of 
barnacles on each panel was estimated by dividing the area of the panel covered by 
structure by the basal area of the average barnacle. The total surface area of the 
barnacles on each panel was estimated by multiplying the number of barnacles by the
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total surface area of the average barnacle. The surface area of structure was divided by 
the surface area of the bare panel to determine the percent of structural area in units of 
percent bare panel area.
The total surface area of the average barnacle was estimated by assuming that the 
shape of a barnacle approximates a truncated cone, the lateral surface area (LSA) of 
which can be described by the equation:
LSA = 7rs(R+r)
where R is the basal radius, r is the opercular radius, and s is the length of outer edge 
of the cone (Larsen & Hostetler, 1986). The LSA of the average barnacle was 54.1mm2. 
The surface area of the opercular area was 1.8mm2. The lateral surface area and the 
opercular surface area were summed to find the total surface area of the barnacle, 
55.9mm2. To account for the irregularities of the barnacle shells, the shells were 
assumed to have fairly uniform ridges and their surface area corrected by a factor of 1.57 
(Dahl, 1973). Correction factors for uneven surface areas range from 1.57 to 3.57 
depending on the nature of the surface (i.e. smooth, pointed, or square ridges) and the 
height of the ridges. Thus, a total surface area of 88mm2 for the average barnacle was 
calculated.
RESULTS 
Physical Parameters
Temperature and salinity showed distinct seasonal trends (Figure 1-3). Minimum 
temperature was about 5°C for most of January and early February; temperature peaked 
near 30°C in early July. Salinity was relatively high in November and December 1991,
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about 15%o, probably because of drought conditions January through October 1991. 
Salinity dropped throughout the winter, and following numerous rain storms was quite 
variable throughout the spring with a minimum of about 0.5 %o. Salinity began to rise 
in late June and reached a plateau around 10 %o for most of the late summer and fall. 
Concentrations of dissolved oxygen varied from about 5 to 10 mg/1. There was a general 
trend for higher concentrations of dissolved oxygen in the colder months compared to 
warmer months (Figure 1-3). The dissolved oxygen percent saturation varied as much 
as 30 to 40% daily. Values were never lower than 50% saturation and often greater than 
100%.
General community description
Only protozoans and a few barnacles and amphipods recruited to the panels from 
November through April. From May through October, the period in which most fouling 
occurred, the subtidal oligohaline fouling community consisted of a total of 24 species, 
12 of which were common (Table 1-1). Although the hy droid Garveia franciscana was 
the third most commonly found species, it clearly dominated the community by virtue 
of its large mass. Five other species were major constituents of the community, the mud 
crab Rhrithropanopeus harrisi, the barnacle Balanus improvisus, the tube-building 
amphipod Corophium lacustre, the amphipod Melita nitida, and an unidentified gammarid 
amphipod. The physical structure of the community on fouling panels consisted of 
barnacles covered by large masses of G. franciscana with attached Corophium tubes. 
This matrix was inhabited by various other species. During August and September
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Table 1-1
Taxa and their number of occurrences on the panels. Replicate panels were grouped 
together so that either none or one occurrence was noted.
NUMBER OF
SPECIES OCCURRENCES
Balanus improvisus 45
Corophium lacustre 39
Garveia franciscana 32
Gammarid amphipod 29
Melita nitida 29
Tenellia adspersa 26
Nereis succinea 17
Obelia Bidentata 17
Euplana Gracilis 16
Membranipora sp. 15
Cordylophora caspia 9
Rhithropanopeus harrisii 9
Other Hydrozoa 7
Clytia sp. 4
Victorella pavida 4
Chironomidae 3
Cassidinidea lunifrons 3
Oligochaete 2
Stylochus ellipticus 2
Bowerbankia gracilis 2
Amathia convoluta 2
Watermite 1
Geukensia demissus 1
Callinectes sapidus 1
Polydora ligni 1
sloughing occurred on most 4 and 8 week old panels. These disturbance events removed 
some to nearly all of the material from the panels.
Cluster analysis
Cluster analysis showed that the panels could be separated into two main groups 
(Figure 1-4). Group 1 contained panels bearing few or no organisms which included all 
panels deployed from December 1991 through early July, a 2 week panel from August, 
a 2 week panel from October, and a 4 week panel from November. A few panels 
(Group ID) from May that contained no barnacles but had limited coverage of a 
bryozoan and an oligochaete were separated from the rest of Group 1. The remainder 
of Group 1 was further divided into a subgrouping of panels from early spring which 
were nearly bare and another subgroup of panels from winter, early summer, and fall 
which were sparsely fouled by barnacles, amphipods, or hy droids. Group 2 consisted of 
heavily populated panels of all ages deployed from late July through November. This 
group was separated into two subgroups, one containing younger panels from September 
and October as well as the remainder of panels from July through November that had 
large fouling matrices. The other subgroup consisted of older panels from September 
and October that were not as heavily fouled.
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4-. Dendrogram of panels (month, date, age) clustered with Flexible
Linkage (B = -0 .25) used in conjunction with Dice Similarity Index
Final Community Structure Among Patches of Different Ages
The length of time needed to attain 100% cover on panels varied according to the 
season in which they were deployed. Fall panels took almost 6 months to reach 100% 
cover, winter panels needed about 3 months, spring and summer panels less than 2 
months (Figure 1-5). In some cases, sloughing events caused a reduction from 100% 
cover.
ANOVA and subsequent Ryan’s Q analysis revealed no significant differences 
between the four age classes (14, 26, 38 and 50 weeks) in percent cover, dry weight, 
volatile solids, nor carbonate content (Figure 1-6; Table l-II). In fact, there was no 
difference between these age classes and the 8 week panels sampled on the same date. 
Both the 2 and 4 week panels sampled on this date were significantly different from one 
another and the other age classes in percent cover. The 2 and 4 week panels were not 
significantly different in dry weight nor volatile solids. The 2, 4, and 8 week panels 
were not different in carbonate content. Panels of ages 8 to 50 weeks were very similar 
in species composition. The similarity index was equal to or greater than 0.8 for all 
individual comparisons and the group similarity value for the cluster containing all age 
classes was 0.7.
Seasonal progression of 2, 4 and 8 week panels
Aside from an occasional barnacle or Corophium lacustre and a film of micro­
organisms, the panels were bare throughout the winter until mid-May, when a large 
barnacle recruitment occurred (Figure 1-7). The hydro id Cordylophora caspia recruited
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Table l-II
ANOVA results comparing percent cover and log (X + 1) transformed dry weight, volatile 
solids, and inorganic carbon among patches of different ages.
PERCENT COVER:
SOURCE DF SS MSE F VALUE P
MODEL
ERROR
CORRECTED TOTAL 
R-SQUARE
6
26
32
37939.394
66.667
38006.061
0.998
6323.232
2.564
2466.06 <0.01*
DRY WEIGHT:
SOURCE DF SS MSE F VALUE P
MODEL
ERROR
CORRECTED TOTAL 
R-SQUARE
6
26
32
94.450
4.416
98.866
0.96
15.742
0.170
92.68 <0.01*
VOLATILE SOLIDS:
SOURCE DF SS MSE F VALUE p
MODEL
ERROR
CORRECTED TOTAL 
R-SQUARE
6
26
32
40.770
3.456
44.226
0.928
6.795
0.133
51.12 <0 .01*
INORGANIC CARBON:
SOURCE DF SS MSE F VALUE p
MODEL
ERROR
CORRECTED TOTAL 
R-SQUARE
6
26
32
4.032
1.405
5.437
0.741
0.672
0.054
12.43 <0 .01*
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Figure 1-6. A comparison of averages of percent cover, dry weight, 
volatile solids, and inorganic carbon among all classes 
of panels sampled at the end of the fouling season. Line 
connecting age classes are not significantly different. 
Bars indicate standard error.
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from late May through June. Very young recruits were often hard to distinguish from 
Garveia franciscana, which also recruited in May and June. By early July, the 
Corophium lacustre and Garveia franciscana matrix was dominating the community, and 
chironomids, two flat worms (Stylochus ellipticus and Euplana gracilis), a nudibranch 
(.Tenellia adspersa), a bryozoan (Victorella pavida), and an amphipod (Melita nitida) 
were present. Mud crabs and blue crabs (most only a few cm, but some as large as 6- 
7cm) recruited in late July and remained through October. In early August a polychaete 
(.Nereis succinea) was found within the fouling matrix, and was found on older panels 
for the remainder of the study. A hy droid (Obelia bidentata) suddenly became very 
abundant in September, while the abundance of flatworms decreased. In October the 
recruitment of all species slowed and organisms were generally found only on the older 
panels. Recruitment to the fouling community essentially ended in November.
All three age classes of panels showed one large, long peak from mid-June to 
October (Figure 1-8). The 2 week panels had variable recruitment between late July and 
early September which resulted in lower and extremely variable percent covers. The 4 
and 8 week panels had some coverage of Balanus and Corophium in December and 
January. Sloughing reduced coverage below 100% in mid-September. The experiment 
was terminated before 0% coverage was noted on 8 week panels at the end of the fouling 
season.
Dry weight data for the 2 week panels was highly variable from late July through 
early September probably because of variable recruitment (Figure 1-9). There was a ten 
fold difference in dry weight between the 2 and 4 week old panels and a four fold 
difference between the 4 and 8 week panels throughout the fouling season. Patterns in
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Figure 1-8. Percent cover on 2, 4 and 8 week panels
through time. Bars indicate standard error.
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Figure 1-9. Dry weight on 2, 4  and 8 week panels
throught time. Bars indicate standard error.
dry weight data for the 4 and 8 week panels showed very similar trends to each other. 
Weight reductions caused by sloughing occurred in late August and early September.
Yearly dry weight averages for the 2, 4 and 8 week panels were 0.85, 8.53, and 
47.05g respectively. The logistic growth function was fitted to these values by estimating 
the intrinsic growth parameter to be 15 since this value gave a good fit to the data. The 
growth rates from 0 to 2, 2 to 4, 4 to 6, and 6 to 8 weeks were 0.93, 6.96, 7.78, and 
0.82 g dry weight per two week interval respectively.
The dry weight on all three age classes of panels appeared to be related to 
temperature and salinity. There were temperature thresholds below which the panels 
remained virtually bare. The threshold values increased with a shorter time of panel 
deployment, being 22°C, 15°C, and 13°C for the 2, 4, and 8 week panels respectively. 
Data below the threshold value were not used in the analyses. Thus the analyses were 
only valid from June through October for 2 week panels, and from May through 
November for the 4 and 8 week panels. The regression analyses showed a highly 
significant lack-of-fit (p<0.01) indicating that there is reason doubt the adequacy of the 
model (Table l-III). Several analyses were attempted with various combinations of 
variables. However, all analysis indicated lack-of-fit.
The trends in variability of the dry weight and percent volatile solids are important 
to note. In the early and late parts of the fouling season, dry weight variability, 
expressed as standard error, was low compared to mid season. Variability, expressed 
as standard error, for percent volatile solids was the inverse of that, with low variability 
mid season and high variability early and late (Figure 1-10).
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Table l-III
ANOVA table for lack-of-fit test and the regression of dry weight on temperature, 
salinity, and a series of dummy variable corresponding to month of sampling. * =  
significance.
SOURCE DF SS MSE F VALUE P
MODEL 10 161497.634 16149.763 29.819 <0.01
ERROR 119 64449.689 541.594
Lack-of-Fit 38 31614.13 831.95 2.05 <0.01
Pure Error 81 32835.56 405.38
TOTAL 129 225947.323
ADJ R-SQ 0.691
Vo
lat
ile
 
So
lid
 
Co
nt
en
t 
(as
 
% 
of 
Dry
 
W
ei
gh
t)
60  n
2 Week
5 0 -
4 0 -
3 0 -
2 0 -
T T T
60-| 4 Week
5 0 -
4 0 -
3 0 -
2 0 -
8 Week
5 0 -
4 0 -
3 0 -
2 0 -
O NM M SD J F A J J A
1992
Figure 1-10. Percent volatile solids on 2, 4  and 8 week panels
through time. Bars indicate standard error.
Volatile solid data for all three age classes are similar, with volatile solids varying 
between 10 and 30% of the dry weight. Regression analysis showed that the percent 
volatile solids did not significantly increased nor decrease throughout the fouling season 
(Table 1-IV). However, the trends on the 4 week panels appear to show a cyclic pattern. 
Barnacles constituted most of the epifaunal community early in the season; hence, 
inorganic shells comprised much of the material on the panels. During midseason more 
of the material was organic, consisting of hy droids covered with amphipods, polychaetes, 
nudibranchs, etc. This was accompanied by a slight increase in the percent volatile 
solids. However, as the fouling season ended, barnacles and amphipod tubes comprised 
more of the fouling mass and a decreasing trend in percent volatile solids was apparent. 
The 8 week panels did not show this trend because the experiment was terminated while 
there was still a considerable fouling community on these panels.
The trends for volatile solids on the 2, 4, and 8 week panels roughly paralleled the 
trends in dry weight (Figure 1-11).
The total productivity ( ± standard error) of the fouling community on 2 week panels 
for the entire fouling season was 80±32gCm'2yr"1. The total productivity of the 4 week 
panels was about ten times that of the 2 week panels, at 832±323gCm"2y r 1. The total 
productivity for the 8 week panels, 3085 +323gCm'2yr'1, was about four times that of the 
4 week panels. The productivity, measured at the end of fouling season, on panels at 
least 8 weeks old did not depend on age. ANOVA and Ryan’s Q analysis on all age 
panels from 8 to 50 weeks showed no significant difference in volatile solid content
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Table 1-IV
ANOVA for arcsine transformed percent volatile solid data regressed against time and
for the F-test to determine lack-of-fit.
2 WEEK PANELS:
SOURCE DF SS MSE F VALUE P
MODEL 1 0.000322 0.000322 0.03 0.8548
ERROR 19 0.177431 0.009338
Lack-of-Fit 6 0.10520 0.012039 1.49 > 0 .50
Pure Error 13 0.07223 0.008092
C TOTAL 20 0.177753
ADJ R-SQ -0.0507
4 WEEK PANELS: 
SOURCE DF SS MSE F VALUE P
MODEL 1 0.006562 0.006562 1.257 0.27
ERROR 36 0.188000 0.005222
Lack-of-Fit 12 0.02093 0.00174 0.25 > 0 .50
Pure Error 24 0.16707 0.00696
C TOTAL 37 0.194562
ADJ R-SQ 0.0069
8 WEEK PANELS: 
SOURCE DF SS MSE F VALUE P
MODEL 1 0.006560 0.006560 1.807 0.19
ERROR 41 0.149743 0.003652
Lack-o f-Fit 13 0.07103 0.00546 1.94 > 0 .10
Pure Error 28 0.07871 0.00281
C TOTAL 42 0.156342
ADJ R-SQ 0.0189
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Figure 1-11. Volatile solids on 2, 4 and 8 week panels
through time. Bars indicate standard error.
(Figure 1-5). The average production for the year, measured at the end of the fouling 
season, was 967+91gCm"2y r 1.
All three age classes showed similar trends for the percent inorganic carbon of the 
dry weight. It was low (less than 5%) throughout the fouling season except for intense 
peaks on the 4 and 8 week panels in early June and on the 4 week panels in November 
(Figure 1-12). These peaks corresponded to times when the epifaunal community was 
composed mainly of barnacles, the carbonate shells of which composed the bulk of 
material on the panels. For the most of the fouling season, July through October, 
barnacles observed to be present in high numbers, but due to the overwhelmingly large 
mass of other organisms, the percent inorganic carbon remained low.
Regression analysis showed no significant increase or decrease of the percent 
inorganic carbon on the 2 week panels (Table 1-VA). However, analyses on the 4 and 
8 week panels were inconclusive since a significant lack-of-fit was indicated. When the 
sharp peaks in June and November were considered outliers and removed from the 
analyses, the lack-of-fit test was insignificant. These regressions did not detect any 
change of the percent inorganic carbon through time on the 4 and 8 week panels (Table 
1-VB).
Mechanisms of succession
The hydroids Garveia franciscana and Cordylophora caspia had to be considered 
together for this analysis since they could not be accurately distinguished from each 
another on the video, from which most of this information was gathered. Though 
hydroids generally recruited onto barnacles, on two occasions hydroids recruited onto
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Table 1-VA
ANOVA for arcsine transformed percent inorganic carbon regressed against time and for
the F-test to determine lack-of-fit.
2 WEEK PANELS:
SOURCE DF SS MSE F VALUE P
MODEL 1 0.000004 0.000004 0.069 0.80
ERROR 19 0.001048 0.000055
Lack-of-Fit 6 0.000397 0.000066 1.30 > 0 .50
Pure Error 13 0.000651 0.000051
C TOTAL 20 0.001052
ADJ R-SQ -0.0488
4 WEEK PANELS: 
SOURCE DF SS MSE F VALUE P
MODEL 1 0.000160 0.000160 0.049 0.83
ERROR 36 0.117356 0.003259
Lack-of-Fit 12 0.116365 0.009697 236.5 <0.01 *
Pure Error 24 0.000991 0.000041
C TOTAL 37 0.117516
ADJ R-SQ -0.0264
8 WEEK PANELS: 
SOURCE DF SS MSE F VALUE P
MODEL 1 0.000586 0.000586 1.499 0.23
ERROR 41 0.016032 0.000391
Lack-of-Fit 13 0.011616 0.000894 5.00 <0.01 *
Pure Error 28 0.005002 0.000179
C TOTAL 42 0.016618
ADJ R-SQ 0.0117
Table 1-VB
ANOVA for arcsine transformed percent inorganic carbon regressed against time with
the data peaks in June and November removed and the F-test to determine lack-of-fit.
4 WEEK PANELS:
SOURCE DF SS MSE F VALUE P
MODEL 1 0.000111 0.000111 2.747 0.11
ERROR 34 0.001380 0.000041
Lack-of-Fit 12 0.000389 0.000032 1.01 > 0 .50
Pure Error 22 0.000991 0.000045
C TOTAL 35 0.001491
ADJ R-SQ 0.0475
8 WEEK PANELS: 
SOURCE DF SS MSE F VALUE P
MODEL 1 7.65864E-08 7.65864E-08 0.004 0.95
ERROR 39 0.000751 0.000019
Lack-of-Fit 11 0.000236 0.0000214 1.12 >0 .50
Pure Error 28 0.000514 0.0000184
C TOTAL 40 0.000751
ADJ R-SQ -0.0255
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Figure 1-12. Percent inorganic carbon of the dry weight on 2, 4 and
8 week panels through time. Bars indicate standard error.
Corophium tubes. Hence, Corophium tubes and barnacles were considered together and 
termed structure (Figure 1-13). Standard error was calculated by assumming the data 
approximated a binomial distribution (Fleiss, 1981). Before mid-July hydroid 
recruitment occurred substantially more often on structure than on bare panel. 
Sometimes the substrate onto which recruitment occurred could not be discerned and 
these were placed in the "unknown" category. Thus it appears that hydroid recruitment 
is facilitated by the presence of barnacles or other structure. Later in the season, 
evidence for facilitation was lacking because it was impossible to determine the original 
point of attachment for the hydro ids.
The surface area of structure ranged from 5 to 1791 % of the bare panel area. In the 
four times in which hydroids recruited to bare panel the surface area of the structure was 
19, 24, 44, and 79% of the area of the bare panel (Table VI). The general trend was 
for hydroids to recruit onto structure independently of the surface area of that structure.
Mobile species such as crabs, polychaetes, and high abundances of Melita nitida and 
another gammarid amphipod were found on the panels only after the large matrix of 
Garveia and Corophium was established. The mobile species required the presence of 
sessile species, but this is not an example of obligate facilitation (see discussion).
There was no evidence for inhibition or tolerance. Most species appeared to 
immigrate/recruit and emigrate/die according to seasonal changes in environmental 
parameters rather than due to tolerance or inhibition.
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Table VI
Surface area of barnacles and bare panel on colonized panels.  % B/P 
is the percent of the surface area of the structure compared to the  
surface area of the bare panel. # = number of hydroids that recruited.
Surface Area bare panel # of
Panel of Barnacles Surface Area # on Unknown # on
Date Age mm mm % B/P a panel Origin Structure
05/09 13 2239 9500 23.57 1 0 0
05/15 26 6717 8500 79.02 1 0 0
05/15 4 1791 9600 18.66 1 0 0
05/22 15 4030 9100 44.28 1 0 0
05/22 27 6717 8500 79.02 0 0 2
05/22 27 4478 9000 49.75 0 0 1
05/22 27 8508 8100 105.03 0 0 2
05/22 15 2239 9500 23.57 0 0 1
05/22 15 2239 9500 23.57 0 1 0
05/22 27 6717 8500 79.02 0 0 2
05/22 27 3582 9200 38.94 0 1 0
05/22 27 7164 8400 85.29 0 0 2
05/29 16 4030 9100 44.28 0 0 4
05/29 6 4478 9000 49.75 0 0 1
05/29 16 2239 9500 23.57 0 0 1
06/05 7 10746 7600 141.40 0 0 5
06/12 6 2239 9500 23.57 0 0 1
06/19 7 2239 9500 23.57 0 0 1
06/19 7 2239 9500 23.57 0 0 1
06/19 7 2239 9500 23.57 0 0 1
06/19 7 448 9900 4.52 0 0 1
06/19 7 448 9900 4.52 0 0 1
06/19 7 448 9900 4.52 0 0 1
06/26 8 0 10000 0.00 0 1 0
06/26 2 448 9900 4.52 0 0 1
06/26 4 448 9900 4.52 0 1 0
06/26 8 2239 9500 23.57 0 0 1
06/26 8 2239 9500 23.57 0 0 1
06/26 8 448 9900 4.52 0 0 1
07/10 2 4478 9000 49.75 0 1 0
07/10 4 6717 8500 79.02 0 1 0
07/10 4 4478 9000 49.75 0 1 0
07/10 2 31344 3000 1044.80 0 1 0
07/10 6 31344 3000 1044.80 0 1 0
07/10 10 35822 2000 1791.08 0 1 0
07/10 2 4478 9000 49.75 0 1 0
07/10 6 6717 8500 79.02 0 0 1
Total 4 84 33
Before Mid-July 4 11 33
After Mid-July 0 73 0
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Figure 1-13. Percent of hydroid recruitment onto bare panels 
and structure. Bars indicate standard error.
DISCUSSION
Community structure at the end of the fouling season did not vary among panels of 
different ages. No age class of panels from 8 to 50 weeks was different from any other 
in terms of percent cover, dry weight, volatile solid content, carbonate content, nor 
species composition. Thus, for panels deployed at least two months during or before the 
fouling season, the final community structure does not depend on age of substrate or on 
time of year the substrate was initially deployed.
One reason for this is logistic growth of the fouling community. Two lines of 
evidence suggest that the fouling community accumulated on the panels in a logistic 
manner: (1) the ten fold difference in dry weight between the 2 and 4 week panels 
compared to the four fold difference between the 4 and 8 week panels, and (2) the lack 
of significant differences in dry weight between 8, 14, 26, 38, and 50 week old panels. 
Turpayeva et al (1977) found that G. franciscana (=Perigonimus megas) grew 
exponentially. This hydroid dominated the community, providing structure to which other 
species attached. This led to further colonization by species that could live within the 
dense fouling matrix. Thus, in the early stages, growth of the fouling community was 
exponential. Mass of the fouling community increased only four fold between 4 and 8 
week panels. This decreased rate of change in mass of the fouling community between 
2 to 4 and 4 to 8 weeks may be explained as decreased growth, sloughing, or both. In 
any case, mass was no longer accumulating on the panels exponentially. Thus, the 
maximum dry weight possible, or carrying capacity, of the panels was assumed to have 
been reached by about 8 weeks of age.
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Crab-related disturbances affected all panels. The number of occurrences of blue 
crabs, Callinectes sapidus, and mud crabs, Rhithropanopeus harrisi, was underestimated 
because they often returned to the water when the panels were pulled out during 
sampling. These crabs excavated large burrows within the matrix of the fouling 
community. Not only was this activity a disturbance in itself, but it often led to 
weakening of the support for the community which resulted in large amounts of material 
sloughing off the panels. The community was observed to very quickly return to its 
preslough condition, minus some of its mass.
Sloughing is a common phenomenon in panel studies, and may be related to the use 
of synthetic panels and associated reduced bioadhesion by fouling organisms (Henschel 
et al, 1990). Although reduced bioadhesion may play a role, in the present study 
biological factors appeared to be a more important cause of sloughing. It should be 
noted that the PVC frames were lifted carefully from the water at an angle so the act of 
sampling and video taping would not induce sloughing.
Sloughing from panels deployed in the Patuxent River, another tributary of the 
Chesapeake Bay, has been attributed to predation on hydroids by nudibranchs, Tenellia 
sp. (Cory, 1967). Additionally, in the Sea of Azov predation by Tenellia adspersa on 
Garveia franciscana was cited as the cause of sloughing (Partaly, 1974). In the present 
study, although Tenellia adspersa was observed to be very abundant during the time 
sloughing occurred, from July through September, crab related disturbance appeared to 
play a larger role in causing material to slough off the panels. The predatory nudibranch 
may have weakened the hydroids, but without the crabs excavating large burrows on the 
panel, the extent and severity of sloughing would have been greatly diminished. It is
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likely that the nudibranchs suppressed the development of hydroids after the sloughing 
and prolonged the recovery time (Partaly, 1974; Brault & Bourget, 1985).
Although physical disturbance has been cited as the most important factor influencing 
species composition and abundance of subtidal and intertidal communities in 
Massachusetts (Osman, 1977), this does not appear to be the case in the present study. 
Sloughing was a disturbance that caused a dramatic change in weight of the fouling 
material, but did not produce a change in species composition. The opposing trends in 
variability for dry weight and percent volatile solids demonstrate this. Sloughing caused 
large variations in dry weight near the middle of the fouling season, but the species 
composition was similar on the panels resulting in low variability in percent volatile 
solids. This contrasted with fouling community structure early and late in the fouling 
season when recruitment was variable. Different species assemblages and abundances on 
panels may have resulted in considerable variation in percent volatile solids compared to 
the variation in dry weight.
Also, one can assume that new panels are "disturbed” to the extent that all organisms 
have been cleared away. Thus, if disturbance were an important mechanism determining 
species composition, then vast differences in species composition on panels should be 
exhibited. This was not the case. The community was fairly homogenous on all panels 
throughout the fouling season, and was dominated by a matrix of Garveia franciscana 
and amphipods. Based on species composition, cluster analysis separated the panels into 
two main groups. One group of panels had many species associated with the hydroid 
amphipod matrix. This group included panels of all ages that were put out during the 
peak fouling period. The other group contained panels of all ages put out when there
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was little or no fouling. Panels in this group had no species or only a few species, 
mainly barnacles, hydroids and/or amphipods, but the matrix had not formed. Thus, 
disturbed panels did not contain different species assemblages indicating that disturbance 
is not an important factor in determining community composition or structure.
Alternatively, disturbance can be construed as being very important in determining 
community structure. Oligohaline communities are very resilient because of the high 
frequency of disturbance (Boesch et al, 1976). Within an oligohaline soft-bottom 
community, disturbed sites were found to recover and resemble control sites within 15 
to 30 days (Zajac & Whitlatch, 1982). Thus, oligohaline communities are well adapted 
to disturbance, rendering its effects negligible.
Disturbance is very important in terms of production. Since productivity lost to the 
system by predation or sloughing could not be measured, all estimates of productivity are 
conservative in nature. Sloughing resulted in an estimate of only 967 ±91gCm'2y r 1 based 
on plates 8 to 50 weeks old. The average biomass on the 8 week panels yielded an 
estimate three times higher than this yearly biomass average, suggesting that in the short 
term, biomass can accumulate very rapidly. Sloughing activity decreased the weight on 
most panels which led to the yearly production estimate being considerably less than the 
yearly average production on 8 week panels. Thus, production averages taken over long 
time intervals can lead to drastic underestimates of yearly production within epifaunal 
communities because yearly biomass accumulation can be profoundly affected by seasonal 
disturbance events.
Predation by flatworms, blue crabs and fish appeared to have only a minor effect on 
the community structure; however, a definitive interpretation of predation cannot be
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ascertained since predator exclusion experiments were not performed. Flatworms were 
abundant during mid summer and preyed upon barnacles. In spite of this, numerous 
barnacles survived and the shells of dead barnacles remained and so the community 
structure was not altered. Blue crabs were often observed in association with the fouling 
community. It is probable that they were foraging for amphipods (Corophium lacustre) 
and polychaetes (Nereis succinea) (Hines et al, 1990), but neither species population 
appeared to be seriously impacted.
Fish such as striped bass (Morone saxatilis), croaker (Micropogonias undulatus), and 
three species of catfish (Ictalorus furcatus, I. punctatus, and Ameiurus catus) have been 
found in the canal. All five species are known to be epibenthic predators (Raney, 1952; 
Cory, 1967; Hines et al 1990). Predatory fish can have a significant effect on species 
composition, species diversity, and standing crop of a marine epifaunal community since 
grazing by fish may prevent monopolization of space by the dominant competitor (Russ, 
1980). There was no evidence of fish predation in this study. Garveia franciscana 
monopolized the available area and as a result other organisms attached to the hydroid 
or living within the bushy colony had some refuge from predation deriving from the 
structural complexity of these cnidarians (Osman, 1977; Woodin, 1978; Goren, 1979; 
Russ, 1980; Brault & Bourget, 1985; Witman, 1985).
Dry weight values did not correspond well to other values obtained from the James 
River, being about 10 times lower on four week panels in May, June, and November, 
and 100 times higher in July, August, and September (Calder, 1966). Also, dry weights 
on month old panels for a slightly more saline region of the Pamlico Estuary are about 
100 times those observed in this study for April, May, June, October, and November
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whereas data for July are about equal. Furthermore, values in the present study are about 
3 times the Pamlico study for August and September (Dean & Beilis, 1975). These 
differences could be due to differences in community structure and dominant species. 
However, these differences may suggest that seasonality is much more pronounced in the 
upper reaches of an estuary. Salinity and temperature exhibit more extreme variations 
in the upper reaches of estuaries. When conditions are favorable, there is very rapid and 
abundant growth. Moreover, when conditions are poor, growth is almost negligible.
Other studies of epifaunal communities have suggested a relationship between 
temperature and dry weight, but few have actually demonstrated the nature of this 
relationship (Calder & Brehmer,1967; Cory 1967). A ten year study at Calvert Cliffs 
(Maryland) found a correlation between dry weight and temperature, but a rather low r2 
was attributed to the effects of salinity and yearly variation (Abbe, 1987). In the present 
study, a relationship between temperature and dry weight could not be established. All 
analyses attempted showed lack-of-fit which indicated that the regression model was 
inadequate to describe the data. The significant lack-of-fit was likely caused by high 
variability in the dry weight data and sloughing. The data did show a temperature 
threshold, panels deployed for shorter time intervals required a higher average 
temperature before organisms were found on the panels. Perhaps higher temperatures 
were necessary to produce measurable growth in the shorter intervals. This then would 
be a perceived rather than an actual threshold. More likely, at higher temperatures there 
are more recruits available. Thus in a given time interval, panels are more likely to have 
organisms recruit at warmer temperatures. Some combination of these scenarios 
probably occurred.
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The percent volatile solids did not significantly change during the fouling season on 
the 2, 4 or 8 week panels. This indicates that the sediment and organic matter were 
accumulating on the panels in the same relative proportions throughout the year. 
However, intuitively sediment and organic matter should not accumulate in the same 
proportion; the cyclic trend observed in the 4 week panels may be a more accurate 
depiction of the percent volatile solids through time. The 8 week panels still had a large 
epifaunal community when the experiment was terminated and did not show a decreasing 
trend at the end of the season. Had the experiment been carried out another year, it is 
likely that a cyclic pattern in volatile solids would have been observed in both the panels.
The productivity estimates for the 4 week panels correspond well to other estuarine 
epifaunal production estimates. The total production of 4 week panels in a slightly less 
saline (than the present study) region of the Patuxent estuary was around lJO bgC m ^yr1 
(Cory, 1967). From Cory’s materials and methods section, it is apparent that this value 
represents volatile solids, with organic carbon being about slightly more than half of that, 
or about 6lAgCvs\2yx x. A study at Calvert Cliff (Maryland), a more saline region of the 
Chesapeake Bay found about 446gCm'2y r 1, once again this is volatile solids with 
productivity being about half of that value (Abbe, 1987). The value for Calvert Cliffs 
is considerably less than the value calculated in the present study, but this is not 
surprising since productivity on panels decreases in more saline regions of the estuary 
(Cory, 1967).
There was clear evidence for facilitation as a mechanism of succession in the fouling 
community at the Surry Nuclear Power Station. Hydroids recruited more frequently onto 
structure rather than onto bare substrates, regardless of the relative area of the structure
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compared to the area of the panel. This may have been due to water flow patterns 
and/or the microstructure of the barnacle shells and Corophium tubes. Whatever the 
reasons, structure facilitated recruitment of hydroids early in the fouling season. 
Similarly, others have found significantly higher abundances of organisms on barnacles 
than on bare panels, but did not relate those results to succession (Brault & Bourget, 
1985).
Later in the fouling season, evidence for facilitation was lacking. The original point 
of attachment of the hydroids could not be discerned on any panel after mid-July. 
Several reasons may account for this. First, hydroids may have been recruiting onto 
structure, but due to rapid vegetative growth the substrate to which it originally attached 
could not be discerned. Second, observational evidence suggests that the hydroids were 
no longer reproducing sexually via planulae, but were reproducing as fully formed 
colonies. Large mats of hydroids, from sloughing events elsewhere, were observed 
drifting down the intake canal and the James River. These mats of hydroids then 
haphazardly encountered the panels and became attached regardless of the presence or 
absence of structures. Similar recruitment of the hydroid Tubularia crocea from colony 
fragments has been observed (Graham & Gay, 1945). Some combination of recruitment 
by planulae and by fragments seems probable.
Barnacles facilitated the recruitment of Garveia franciscana early in the fouling 
season, but this relationship between barnacles and Garveia franciscana is not obligate 
facilitation. That is the hydroid could become attached and grow late in the season 
without the presence of the barnacles. Other studies have shown that facilitation, when 
it is not obligate, does not change the final community structure of an epifaunal
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community, only the rate at which the final community structure is reached (Dean & 
Hurd, 1980). Thus, this form of biological interaction did not affect the final community 
structure. Moreover, if facilitation was still occurring late in the fouling season, its role 
in determining the rate at which the final community structure was reached was very 
limited.
It appears that structural complexity created by sessile dominants was required for 
the subsequent recruitment of numerous species, usually mobile species. Several other 
epifaunal studies have shown that sessile species are necessary for the recruitment of 
mobile species (McDougall, 1943; Dean, 1981). Barnacles and hydroids provided 
structural complexity to an otherwise uniformly flat panel. Structural complexity 
provided by dominant sessile fauna directly influences the survival of associated fauna 
(Brault & Bourget, 1985). Barnacles and hydroids may dominate the community creating 
more surface area, new types of surfaces, spatial refuges and modified water movements 
which can lead to increased settlement and survival of other organisms (Brault & 
Bourget, 1985). In autumn, sloughing of the dominants destabilizes the community, 
decreasing the diversity and abundance of species. These interactions among species were 
similar to those in the present study with Garveia franciscana and Balanus improvisus 
being the dominant sessile organisms. It is here that the classic concept of succession 
breaks down (Brault & Bourget, 1985). The facilitation model requires that early 
successional species modify the environment and make it more suitable for later 
successional species and that in time, the later successional species dominate the 
community (Connell & Slatyer, 1977). In this instance, however, the mobile species 
depend on the persistence of sessile ones and hence there can be no progressive
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replacement. Thus, when considering the mobile species, succession in the classical 
sense did not occur (Connell & Slatyer, 1977).
There was no evidence for inhibition. Intuitively, it would seem that hydroids would 
inhibit barnacle recruitment. However, sloughing often left open space and barnacle 
abundance did not appear to be diminished on any set of panels. The mechanism of 
succession, if any, was tolerance. In this model, species on the panels had no effect on 
the recruitment of other species. However, species which recruited first were not 
gradually replaced by species that could exploit the resources better. In fact, the 
barnacle, hydroid and amphipod species that were the first recruits flourished for the 
whole season. Hence tolerance did not occur (Connell & Slatyer, 1977).
Most species seemed to vary with changes in temperature or salinity. Seasonal 
changes in fouling community composition in a more saline region of this estuary 
resulted from environmentally influenced reproductive periods and were not related to 
biological interactions (Calder & Brehmer, 1967). The same is true for this study. 
There were few species within this region of the estuary and only about half of these 
were commonly found. Biological interactions as modelled by facilitation, tolerance, and 
inhibition did not seem to be important in determining species composition on the panels. 
Instead, species composition and the resulting community structure were determined by 
environmental parameters.
These results fit well with the hierarchical approach to successional dynamics 
proposed by Zajac & Whitlatch (1984). In the hierarchical approach environmental 
parameters are at the top of the hierarchy with species life histories second and biological 
interactions last. Hence, in physically harsh environments, physical factors will determine
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the species composition with the other two steps in the hierarchy having little to no 
influence. Oligohaline regions of estuaries are very harsh physical environments because 
of extremes in salinity and temperature. The fact that physical factors had the most 
influence on species composition in the oligohaline region of the estuary lends support 
to the hierarchical approach to successional dynamics.
In conclusion, for panels deployed during or before the fouling season, the final 
community structure on substrata at least two months old did not depend on age of 
substrate or on time of year the substrate was initially deployed. This is due to logistic 
growth, characteristic of this fouling community, and the community being influenced 
more by seasonal environmental parameters, rather than biological interactions. 
Disturbance did not have a major impact on community structure. This result was 
expected since the species within the community are already well adapted to disturbance, 
rendering its affects negligible. Although, disturbance grossly affected annual production 
estimates. There was clear evidence for facilitation of hydroids by barnacles early in the 
fouling season, but not in the last half of the season. Although recruitment of mobile 
species required the presence of sessile species this is not facilitation since the mobile 
species require the persistence of the sessile species for their survival. There is no 
evidence for inhibition within this community. The presence or absence of most 
organisms seems to be related to environmental parameters. Hence, biological 
interactions representing the three models of succession are not important in determining 
final community structure. These results lend support to the hierarchical approach to 
successional dynamics as postulated by Zajac & Whitlatch (1984).
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Appendix A
BASIC program written by Tom Mosca that uses Euler’s method to approximate the 
logistic growth function for various choices of the intrinsic growth parameter and the 
carrying capacity.
CLS
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT " dN/dt = R * N * ( 1 - ( N /  K)"
PRINT
INPUT "Input growth parameter, R"; r 
PRINT
PRINT "The program is currently set to consider the carrying capacity as having" 
PRINT "been attained when within 2% of K. Is this acceptable ( < C R >  to accept,"
INPUT "otherwise input the desired percentage"; close 1
close 1 = close 1 * 3
IF close 1 =  0 THEN close 1 = 6
’INPUT "Input carrying capacity (eg., eight week biomass), k"; K 
’INPUT "Input two week biomass"; w2 
’INPUT "Input four week biomass"; w4 
’r = 3.2
K = 47.0527 
w2 = .85174 
w4 = 8.52974 
v = .01 
scl = 0
DIM y(1000)
DIM N(1000)
N(0) = .1
OPEN "t" FOR OUTPUT AS #1
FOR i = 1 TO 1000 
N(i) = v * (r * (1 - (N(i - 1) / K)) * N(i - 1)) + N(i - 1)
NEXT i
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scl = N(1000)
SCREEN 12
LINE (150, 400)-(150, 50)
LINE (150, 400)-(600, 400)
FOR i = 1 TO 1000 
x = (i / 2) + 150 
y(i) = 400 - (300 * (N(i) / scl))
PSET (x, y(i)), 2 
NEXT i
asmp = 400 - (300 * (K / scl))
FOR i =  1000 TO 1 STEP -1 
IF ((y(i) - asmp) < close 1) THEN mkl = i 
NEXT i
m =  mkl / 4 
m l = CINT(m) 
m2 =  CINT(2 * m) 
m3 = CINT(3 * m) 
m4 = mkl
j l  =  (y(ml - 1) - y(ml +  1)) / 2
j2 =  (y(m2 - 1) - y(m2 +  1)) / 2
j3 =  (y(m3 - 1) - y(m3 +  1)) / 2
j4 =  (y(m4 - 1) - y(m4 +  1)) / 2
jj = j l  + j2 + j3 + j4
si = j l  / jj 
s2 = j2 / jj
s3 = j3 / jj 
s4 = j4 / jj
x2 = ((mkl / 4) / 2) +  150 
y2 = 400 - (300 * (w2 / scl)) 
x4 = ((mkl / 2) / 2) +  150 
y4 =  400 - (300 * (w4 / scl))
CIRCLE (x2, y2), 2 
CIRCLE (x4, y4), 2
LINE (150 + INT(mkl / 8), 400)-(150 + INT(mkl / 8), 410)
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LINE (150 + 2 * INT(mkl / 8), 400)-(150 + 2 * INT(mkl / 8), 410)
LINE (150 + 3 * INT(mkl / 8), 400)-(150 + 3 * INT(mkl / 8), 410)
LINE (150 + 4 * INT(mkl / 8), 400)-(150 + 4 * INT(mkl / 8), 410)
LINE (150 + .5 * INT(mkl / 8), 400)-(150 + .5 * INT(mkl / 8), 405)
LINE (150 + 1.5 * INT(mkl / 8), 400)-(150 + 1.5 * INT(mkl / 8), 405)
LINE (150 + 2.5 * INT(mkl / 8), 400)-(150 + 2.5 * INT(mkl / 8), 405)
LINE (150 + 3.5 * INT(mkl / 8), 400)-(150 + 3.5 * INT(mkl / 8), 405)
SLEEP
LINE (150, asmp)-(600, asmp), 3, , &HFF00
SCREEN 0 
PRINT 
PRINT 
PRINT
PRINT "The slopes of the theoretical curve at weeks 1, 3, 5 and 7 are"; 
PRINT " ";
PRINT USING "#.###"; j l ;
PRINT ", "
PRINT
PRINT USING "#.###"; j2;
PRINT ", ";
PRINT USING "#.###"; j3;
PRINT " and ";
PRINT USING "#.###"; j4;
PRINT " respectively, and the respective weighting factors"
PRINT
PRINT "are therefore ";
PRINT USING "#.###"; si;
PRINT " ";
PRINT USING "#.###"; s2;
PRINT " ";
PRINT USING "#.###"; s3;
PRINT " ";
PRINT USING "#.###"; s4;
PRINT "."
CLOSE
END
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Chapter 2.
Hydroid Survey of the James River Estuary
ABSTRACT
Changes in species composition along salinity gradients have been well documented. 
The distribution and composition of hydroids within estuaries has been found to be 
related to salinity and temperature among other factors. This study describes the species 
composition and distribution of hydroids within the James River Estuary over a one year 
period and relates these observations to salinity and temperature.
Samples of hydroids were collected six times from August 1991 through November 
1992 from PVC panels, ropes, and buoys along the James River Estuary. Twelve of the 
43 species of hydroids reported for Chesapeake Bay were found. The observed pattern 
of distribution for most species agreed with the results of previous studies. However, 
Obelia bidentata and Clytia spp. seemed to be limited to meso-polyhaline regions 
whereas other studies have shown these taxa to be abundant in oligohaline waters. 
Garveia franciscana was found on all sampling dates at most stations within a salinity 
range of 0-23 %o and a temperature range of 12 to 30°C. This hydroid was the most 
common species with over twice as many occurrences as the next two most frequently 
occurring hydroids, Clytia spp. and Obelia bidentata.
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INTRODUCTION
Changes in species diversity and composition along salinity gradients have been well 
documented (Remane & Schlieper, 1971; Norse & Estevez, 1977; Boaden & Seed, 
1985). These changes are most dramatic at about 3 0  % o ,  18 % o ,  and 5 % o  (Remane & 
Schlieper, 1971; Boesch, 1972). Other factors such as turbidity, concentrations of 
dissolved oxygen, competition, predation and substrate type are also known to affect 
species distributions in estuaries, but salinity seems to be a primary factor (Thiel, 1970; 
Meyer, 1973; as cited in Calder, 1976). Furthermore, Calder (1990) found that hydroids 
showed seasonal cycles in activity related to temperature.
Forty-three species of hydroids are known to occur in Chesapeake Bay (Calder, 
1971). However, the salinity tolerances of only two of these species have been studied 
in details. Laboratory studies have shown that Garveia franciscana can withstand short 
periods of exposure to fresh water and can survive in salinities of up to 35 % o  (Crowell 
and Darnell, 1955). In the field, however, the distribution of G. franciscana is between 
0.5 and 30% o ,  with greatest abundances at salinities below 15% o  (Calder, 1976). 
Cordylophora caspia can survive in salinities of 0 to 35 %o, but is generally found below 
15% o  (Kinne 1956, as cited in Remane & Schlieper, 1971).
The objective of this study was to describe the species composition and distribution 
of hydroids along a salinity gradient and relate these distributions to salinity and 
temperature.
STUDY AREA
The James River is a partially mixed estuary, with a characteristic two layered 
estuarine circulation pattern in the reach of the river between Hog Island and the James
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River Bridge (Bradshaw and Kuo, 1987) (Figure 2-1). Maximum upriver salt water 
intrusion occurs in late fall, while a minimum occurs in early spring (Fang et al, 1973; 
Pritchard, 1952). Salinity changes a maximum of 4 %o between high and low tides, and 
the tidal current rarely exceeds 1 m/sec (Larsen, 1985; Pritchard, 1952). Near the James 
River Bridge, the vertical salinity gradient is about 0.25 to 0.45 %o per meter while near 
Hog Island the gradient is around 0.43 to 0.50%o per meter (Bradshaw and Kuo, 1987). 
Above Jamestown Island the vertical salinity gradient is less than 0 .2 %o per meter. 
MATERIALS AND METHODS
The hydroid survey was conducted by sampling ropes and single 10cm by 10cm PVC 
panels at stations within the river for one year. PVC panels were deployed by attaching 
them to ropes so that they were approximately 0.75 meters off the bottom. The ropes 
were attached to PVC stakes anchored in the bottom. The stakes and ropes were 
originally deployed by the Fisheries Department of the Virginia Institute of Marine 
Science for an on going oyster spat survey. Loss of some stakes or ropes has led to 
intermittent replacement of these items. Thus stakes and ropes have been deployed for 
varying lengths of time, ranging from years to months.
Samples were collected from August 1991 through November 1992 at a total of 
nineteen stations (Figure 2-1). The original design consisted of only 16 stations, but 
stations at Middle Ground, Jamestown, and Sandy Point were added partway through the 
study after initial analysis of samples indicated that the full salinity range of a dominant 
hy droid Garveia franciscana was not being encompassed. Furthermore, the station at 
Middle Ground had to be switched to a nearby breakwater for ease of access. Some 
stations could not be sampled due to loss of panels, loss of station markers, or inclement
67
ON
oo •
oOO
ON
^ •§^  O
~0 CD 
" O  CD
f  m
O)oo
'O
^  <N=tfc =tfc
o\
CN00
o04 cn r- oo O n
Fig
ure
 
2-
1. 
Sa
mp
lin
g 
St
ati
on
s 
wi
thi
n 
the
 
Ja
me
s 
Ri
ve
r, 
Vi
rg
in
ia
weather. In such cases, additional samples were collected by scraping buoys near the 
stations.
Panels were first deployed in August 1991 and were subsequently sampled with 
replacement five times within the next year. These panels were usually examined while 
all organisms were still alive, having been kept on ice in a cooler and brought back to 
the lab for immediate species identification after collection. However, to avoid 
deterioration before species could be identified, the sampled panels were sometimes fixed 
in formalin. Samples were collected from ropes near the top (just under the low tide 
level) and from the end of these ropes (0.75 meters off the bottom). In addition, samples 
of dredged oyster shell were occasionally collected. The samples from the ropes and 
oyster shells were immediately fixed in 10% formalin and later transferred to 70% 
ethanol and then species were identified by microscopic examination. The sampling 
procedure only determined the presence or absence of hy droid species, not their 
abundance.
To determine if species distributions were related to temperature and salinity, 
measurements of these parameters were taken at every station. Temperature was 
measured with a hand held thermometer and salinity with a refractometer. Additional 
data were acquired from the Fisheries Department of the Virginia Institute of Marine 
Science and the State Water Quality control board. These data were used to determine 
averages and ranges of temperature and salinity at various stations. The Fisheries 
Department at VIMS measured temperature and salinity with a hand held thermometer 
and refractometer weekly from June through September of 1991 and 1992 at Nansemond 
Ridge, Naseway Shoal, Miles Watch House, Dog Shoal, Days Point, Dry Shoal, Point
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of Shoal, Wreck Shoal Inshore, Swash, Horsehead, and Deep Water Shoal (Figure 2-1). 
The State Water Quality Control Board measured temperature and salinity with a 
hydrolab Datasonde 2 at Middle Ground, Naseway Shoal, Dry Shoal, Red Buoys #2 & 
#4,, Jamestown, and just north of Sandy Point every two weeks during the summer and 
every month during the winter (Figure 2-1).
RESULTS
Samples were collected on six dates, August 28, 1991 (Table 2-1), October 2, 1991 
(Table 2-II), October 24 & 28, 1991 (Table 2-III), May 4, 1992 (Table 2-IV), July 29, 
1992 (Table 2-V), and November 6, 1992 (Table 2-VI). For logistic reasons, samples 
collected at Middle Ground, Jamestown, and Sandy Point had to be taken a day or two 
either before or after the river sampling date. A minimum of 12 species were collected; 
some taxa were only identified to the genus level because gonophores, which were 
required for accurate identification, were not present (Table 2-VII).
Three taxa (Garveia franciscana, Obelia bidentata and Clytia spp.) were found 
substantially more often than the others. Garveia franciscana was found on all sampling 
dates at most stations. Obelia bidentata was found at several stations on all sampling 
dates except in May when it was found only at one station and in July when it was absent 
from all stations. Clytia spp. was found at several stations on all sampling dates, except 
in May and July when it was absent from all stations. Clytia spp. consisted of either C. 
gracilis or C. hemisphaerica, or both. A lack of gonophores prevented accurate 
identification. Clytia gracilis was specifically identified on four occassions.
Dipleuron gracile, Clytia kincaidi and an unidentified Campanulariidae were found 
only once during the study, in late August at a mesohaline station (Table 2-II). Obelia
70
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Table 2-VII
Taxa, their number of occurrences, and their temperature and 
salinity ranges. Note that the ranges often encom passed  the range 
for the entire sampling period.
# of Temperature Salinity
Species__________________________ Occurrances_______________Range_______ Range
Garveia franciscana 64 12.4-30.0 0-23
Clytia spp. 28 11.7-29.5 9-23
Obelia bidentata 24 11.7-29.0 5-23
Bougainvillia rugosa 12 11.7-26.0 11-23
Cordylophora caspia 6 15.0-17.8 0-5
Garveia spp. 5 11.7-27.0 6-23
Sertularia cupressina 5 16.4-20.0 6-24
Clytia gracilis 3 12.4-29.0 9-20
Campanulina sp. #2 3 11.7-29.5 8-23
Opercularella pumila 3 16.4-17.4 6-10
Obelia spp. 2 17.6-19.3 12-1.9
Obelia longissima 2 12.4-27.0 14-20
Dipleuron gracile 1 27.2-29.5 8-15
Clytia kincaidi 1 27.2-29.5 8-15
Gonothyraea loveni 1 16.8 1 1
Thecate hydrozoa 1 16.4 10
longissima (= commerissuralis) was found only twice, both times in late autumn and at 
the same station when the salinity was upper-mesohaline to low-polyhaline (Tables 2-1V 
& 2-VII). Opercularella pumila was found only in May, in association with Sertularia 
cupressina ( =argentea) at three low-mesohaline stations (Table 2-V). Sertularia 
cupressina was found four times in May and once in late October within mesohaline 
regions of the estuary (Tables 2-V & 2-IV). Campanulina sp.ttl was found only in late 
autumn, twice at a polyhaline station and once at a mesohaline station (Tables 2-II, 2-IV, 
& 2-VII). Cordylophora caspia was found a total of four times only in upriver stations, 
at four stations in late autumn and once in May (Tables 2-V & 2-VII). Bougainvillia 
rugosa was found in mesohaline to polyhaline regions throughout the study.
Temperature and salinity averages and ranges were calculated using all available data 
for each station. For the August 1991 sampling date, temperatures and salinity for the 
30 days prior to sampling were used to calculate averages and ranges. Calculations for 
all other sampling dates used all available data since the previous sampling date. It 
should be noted that averages are weighted toward mid-summer periods because data 
were collected more frequently in the summer.
DISCUSSION
About 25% (12 of 43 species) of the hydroid fauna for the Chesapeake Bay was 
found. The distribution of hydroids in estuaries is determined largely by salinity, 
temperature and availability of suitable substrate (Calder, 1976). Perhaps more sampling 
of dredge material, pier pilings, or different types of substrates would have increased the 
numbers of species of hydroids found (Calder, 1990). Moreover, competition for 
substrate is a well known phenomenon in epifaunal communities (Valiela, 1984), and
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may have contributed to the small numbers of hy droid species found. Perhaps species 
that recruited onto the ropes and panels first, quickly covered the substrate and hindered 
further recruitment of hydroids. Alternatively, Garveia franciscana, Obelia bidentata 
and Clytia spp. may have been the dominant competitors and monopolized the substrate.
The most commonly found species was Garveia franciscana. It was found on all 
sampling dates and at most stations, within a salinity range of 0 to 23 %>, and although 
abundance was not quantified, this hy droid appeared to be much more abundant at 
oligohaline salinities. The known field distribution of Garveia franciscana encompasses 
a salinity range of 0.5 to 30%> (Calder, 1976), although, Garveia cerulea, which may 
be conspecific with G. franciscana (Calder, pers. com.) has been found in higher salinity 
reaches of the Chesapeake Bay. Laboratory experiments have shown that G. franciscana 
can withstand exposure to freshwater (Crowell & Darnell, 1955; Chapter 3).
Garveia franciscana was found within a temperature range of 12 to 30°C. At 
temperatures near 17°C some colonies were in a state of regression (no visible 
hydranths). Regression became much more pronounced when temperatures were around 
12 to 13°C, although, not all colonies were regressed at this temperature. This hydro id 
has been classified as a "warm-water" species and found to go into regression at 9°C 
during the autumn and resume activity at 14°C in the spring (Calder, 1990). 
Inconsistencies in the temperature of regression in data from the present study are 
probably due to the difficulty in detecting precisely when and at what temperature the 
hydroids regressed since wide variations in temperature may have occurred between 
sampling dates (Calder, 1990).
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Gonophores were almost always present on G. franciscana. However, when the 
temperature was around 12°C and the salinity at 0 %o there were no gonophores. There 
were few samples with these physical conditions, so this may be an artifact of low 
sample size.
Clytia spp. (either C. gracilis and/or C. hemisphaerica) were often encountered in 
this study, being found between 9 and 23 % o and 11.7 to 29°C. Clytia gracilis has been 
reported over a salinity range of about 3 to 34 % o (Calder 1976). As for C. 
hemisphaerica, it has been observed at temperatures from 6 to 30°C (Calder, 1990) and 
is known to be abundant in oligohaline waters (Calder, 1971). Substrates for Clytia spp. 
were available for colonization at the upriver stations, since it makes use of Garveia spp. 
as a substrate (Calder, 1971). Thus, it is somewhat surprising that this genus of hydroid 
was not found at any of the upriver stations since some of these stations were well within 
its temperature and salinity tolerances. The same is true for Obelia bidentata. It is also 
known to use Garveia spp. as a substrate. This hydroid has a salinity range of 0.5 to 
34% o (Calder 1976), yet, it was not found in salinities below 5 % o .
Bougainvillia rugosa was found in meso-polyhaline waters throughout the study. 
This is in agreement with its known seasonality, from April through November (Calder, 
1990) and salinity range of about 18 to 34 % o (Calder, 1976).
Cordylophora caspia was found only at the low salinity stations upriver. This was 
expected since this hydroid is known to be abundant in fresh and oligohaline waters 
(Kinne, 1956; Calder, 1976).
Opercularellapumila was found only in association with Sertularia cupressina. Both 
of these hydroids are "cold-water" species and generally found during winter. These
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specimens were collected in early May and late October when temperatures were fairly 
low.
The remainder of the hydroid species (Campanulina sp.#2, Obelia longissima, 
Dipleuron gracile, Clytia kincaidi, and an unidentified Campanulariidea) were found so 
infrequently that no patterns could be identified.
In conclusion, the observed pattern of distribution for most species seemed to agree 
with previous studies. However, Obelia bidentata and Clytia spp., seemed to be limited 
to mesohaline regions, whereas other studies have shown them to be abundant in 
oligohaline waters as well.
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Chapter 3.
Growth of Garveia franciscana in Salinities 
Ranging from 0.5 to 40%c
ABSTRACT
Salinity influences the distribution and abundance of all species within estuaries. 
Species limited to estuarine waters are generally of marine origin, but their seaward 
distribution is believed to be limited by biological interactions. However, other 
mechanisms, such as physiological tolerances, may be important. The effect of salinity 
on the growth of the hydroid Garveia franciscana was measured by polyp and bud 
production. This would determine if the effect of salinity on growth is a mechanism 
limiting this hydroid’s distribution within estuarine waters and its highest abundances 
within oligohaline to low-mesohaline regions.
Seven salinities ranging from 0 to 40% o were tested, with growth only occurring in 
the 5 % o  treatment. Garveia franciscana could maintain itself well in 15 % o and in low 
salinities of 0, 0.5, and 1 %o after an initial reduction. An obvious decline was noted in 
the 30 and 40%o treatments. These results correspond well to Garveia franciscana's 
natural pattern of high abundance in oligohaline to low-mesohaline salinities. The results 
correspond to the distribution pattern only when considering natural estuarine fluctuations 
in salinity. Thus the effect of salinity on growth may be a mechanism limiting the 
distribution and abundance of this hydroid species.
Moreover, evidence is presented for an adaptation to osmotic stress. Polyps may be 
maintained as buds to alleviate osmotic stress. This adaptation allows Garveia 
franciscana to exist in extremely unfavorable salinity conditions for extended periods of 
time.
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INTRODUCTION
The distribution of aquatic species is generally confined within specific salinity 
regimes. Most freshwater species cannot tolerate salinities greater than five ppt, while 
few marine species exist in salinities less than 18%o (Remane & Schlieper, 1971; Barnes, 
1984; Boaden & Seed, 1985). The number of true estuarine species, which are abundant 
only in waters between 0.5 and 18%o, is very limited (Remane & Schlieper, 1971).
These estuarine species are generally of marine origin, but their seaward distribution 
is believed to be restricted by biological interactions involving predation and competition 
(Norse & Estevez, 1977; Boaden & Seed, 1985). However, other mechanisms, such 
as physiological tolerances, may play an important role in determining distributions and 
abundances. Lance (1964) found that salinity tolerances of some estuarine planktonic 
crustaceans corresponded well to their field distribution. Every species may have a 
different mechanism(s) that limits its distribution and abundance.
The hydroid Garveia franciscana Torrey (1902) is one of the most common 
organisms in temperate and subtropical estuaries; its distribution is restricted to estuaries, 
with high abundance only within oligohaline to low-mesohaline waters. The 
mechanism(s) responsible for the limited distribution and abundance of this hydroid have 
yet to be elucidated. However, salinity has been shown to affect growth in another 
estuarine hydroid, Cordylophora caspia (Kinne, 1956 as cited in Remane & Schlieper, 
1971 and Perkins, 1974). Thus, the ability of G. franciscana to survive and grow may 
be affected by salinity, and hence its distribution and abundance may also be determined 
by physiological tolerances to salinity.
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Laboratory experiments of Crowell and Darnell (1955) showed that G. franciscana 
can withstand short periods of exposure to fresh water and can survive in salinities up 
to 35 %o. The natural distribution of G. franciscana is in salinities between 0.5 and 
30 %o, but it is most abundant in salinities below 15 %o (Calder, 1976). Within the James 
River, a major tributary of the Chesapeake Bay VA USA, this hydroid is known to exist 
in salinities between 0 and 23 %c (Larsen, 1985; Chapter 2). It is most abundant, 
however, within the oligohaline region of the river, where it dominates the fouling 
community (Chapter 2).
The objective of this study was to determine whether salinity affects G. franciscana's 
growth. This would determine if salinity could be responsible for limiting the distribution 
of G. franciscana to estuarine waters and its high abundance to within oligohaline to low- 
mesohaline regions.
MATERIALS AND METHODS
The growth of Garveia franciscana was determined in seven different salinities. In 
each salinity treatment, growth was determined by counting the number of polyps and 
buds on a small colony of G. franciscana every five days, over a period of 15 days.
Garveia franciscana was collected in June 1992 from the intake canal at the Surry 
Nuclear Power Station, located on Hog Island within the James River. These colonies 
were maintained for three weeks in several 38-liter aquaria with filtered recirculating 
water from the York River at about 18%c. The hydro ids were fed copious amounts of 
newly hatched Artemia larvae every other day. Small sections of G. franciscana with 
approximately 50 polyps were then removed from larger colonies and held erect on glass 
slides between matchsticks tighed down with string. These sections were returned to the
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aquaria for two days for acclimation. Each of these hydroid colonies was then randomly 
assigned to 2 liter experimental aquaria.
Thirty-five experimental aquaria, each with one hydroid colony, were randomly 
assigned to contain one of seven salinities (0, 0.5, 1, 5, 15, 30, or 40% o )  making a total 
of five replicates per treatment. The 0 %o treatment contained only deionized water while 
the 40 % c treatment was made by adding Instant Ocean to 1 /x filtered water from the York 
River. The remaining salinities were made by diluting the 40%c water with deionized 
water. A Hydrolab Datasonde 3 was used to measure salinities and concentrations of 
dissolved oxygen. Temperature during the test period ranged from 21 to 23.5°C. Newly 
hatched Artemia larvae were used to feed the hydroids (Lenhoff, 1971); every other day, 
two or three Artemia were placed in the immediate vicinity of each polyp or bud. Water 
was changed once every five days, coinciding with inspection of Garveia colonies.
Garveia colonies were inspected at the beginning of the experiment which was day 
0, and then on days 5, 10, and 15. Growth was determined on days 5, 10, and 15 by 
counting the number of polyps (Davis, 1971; Tusov & Davis, 1971) twice and obtaining 
an average for each section. Other organisms attached to the tank or to Garveia were 
removed. Numerous buds (polyps without discernible tentacles) formed within the first 
five days of the experiment, especially in the salinity extremes. Hence, beginning on day 
5 buds were counted in addition to polyps.
For graphical presentation and some data analysis, data for each sampling period 
were expressed as a fraction of the initial number of polyps present. To determine any 
significant growth or reduction, a Quade test for related samples was performed using 
the number of polyps and buds present (Conover, 1980). This nonparametric test uses
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ranked data. On each sampling date, to determine which salinities had similar effects on 
growth, data were analyzed with a one-way ANOVA with significant differences among 
treatments tested with Ryan’s Q analysis. Additionally, since the number of buds and 
polyps appeared to be inversely related, this was tested with correlation analysis. To 
exclude any effect of predation all hydroids contaminated with nudibranchs were removed 
from the data analysis.
RESULTS
Garveia franciscana grew only in the 5 % o  treatment (Figure 3-1; Tables 3-IA & 3- 
IB). Within this treatment, though the number of polyps and buds increased throughout 
the experiment, a significant increase was not observed probably because of very high 
variability within replicates. However, the fact that the mean is higher on each 
successive day suggests that growth occurred, but the experimental design could not 
detect it. Although no mortality of the entire colony was observed in any treatment, 
there was a significant reduction in polyps and buds over time the 30 and 40 %> 
treatments (Tables 3-IA & 3-IB). Based on the rate of decline of these colonies, it 
appears they would have died fairly soon. The colonies remained unchanged in the 15 %o 
treatment. Within the lower salinity treatments, after an initial reduction in polyps and 
buds, the colonies appeared to maintain themselves. This reduction on the first sampling 
date was probably due to salinity shock since all treatments, except 5 and 15%c, showed 
a decline. Furthermore, even the 5 and 1 5  %o treatments exhibited this trend of an initial 
decline when only the number of polyps is considered (Figure 3-2).
On day five, ANOVA and subsequent Ryan’s Q analysis showed the 5 % o treatment 
was significantly different than all other treatments except 15 and 40%o (Figure 3-1;
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Table 3-IA
Results of Quade Test to determine if there w as  a significant change  
in the number of polyps and buds in each salinity treatment through 
time. * = significance.
Salinity
Test
Statistic P
0 3.31 > 0 . 0 5
0 .5 2 .5 3 > 0 . 0 5
1 3 .3 9 > 0 . 0 5
5 5 .1 4 > 0 . 0 5
15 2 .4 5 > 0 . 0 5
30 7 7 .9 0 < 0 .0 1  *
4 0 1 5 .5 0 < 0 . 0 1  *
Table 3-IB
Results of multiple comparisons between sampling days for all significant  
Quade Tests.
Multiple
Compaisons
30
Test
Statistic
Critical
Value
4 0
Test
Statistic
Critical
Value
Day 0  vs.  Day 5 15 7 .3 2 * 11 2 9 . 6
Day 0  vs.  Day 10 37 7 .3 2 * 31 2 9 . 6  *
Day 0  vs. Day 1 5 38 7 .3 2 * 31 2 9 . 6  *
Day 5 vs. Day 10 22 7 .3 2 * 20 2 9 .6
Day 5 vs. Day 1 5 23 7 .3 2 * 20 2 9 .6
Day 10 vs. Day 1 5 1 7 .3 2 0 2 9 .6
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Table 3-II). On days 10 and 15, the 5 %o treatment, with more than a 1.5 fold increase, 
had significantly more growth than all other treatments.
From day 5 through day 15 there appeared to be a reciprocal relationship between 
polyps and buds (Figure 3-2). This relationship was tested with the correlation of polyps 
and the reciprocal of buds. The 0 %o treatment did not have any polyps from day 5 
through day 15 and thus could not be analyzed; additionally due to the overwhelming 
detrimental effect of the 30 and 40%o treatments on the colonies, they were not analyzed. 
Significant correlations were found for the 0.5, 1, and 5 % c treatments (Table 3-III). 
DISCUSSION
Growth of Garveia franciscana, as measured by numbers of polyps and buds, was 
greatly affected by salinity. The 5 % o  treatment was significantly different from all other 
treatments on two of the three sampling dates, and was the only treatment in which 
growth occurred. Since G. franciscana is most abundant in oligohaline to low- 
mesohaline regions of estuaries, this result agrees with the observed pattern of abundance 
(Calder 1976; Chapter 2).
Using these data to explain the field distribution is more difficult. Laboratory results 
indicate that this hydroid can maintain itself in extremely low salinities, less than 1 % o ,  
and in salinities around 15 %o for at least two weeks without growth or reduction. 
Salinities around 30 and 40%o have a detrimental effect on the hydroid. It was only 
around 5 %o that growth occurred; however, Lohse and Diaz (1993) found that G. 
franciscana grew in salinities of 10 and 20 %c. The fact that they observed growth at 
20 % o whereas no growth was observed at 15%o during the present study is not readily 
explainable since both studies were performed under similar conditions. Taken together
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Table 3-11
Results of Ryan's Q analysis comparing the mean remaining 
fraction of the initial number of polyps between treatments on each  
sampling day. Values connected by the same line are not significantly 
different.
Day 0
Fraction 1 .00  1.00 1.00 1.00 1.00 1.00 1.00
Salinity 0 0.5 1 5 15 30 40
Day 5
Fraction 1 4 1  1-01 0.55 0.50 0 .44  0 .39 0.20
Salinity 5  15 40 1 0.5 0 30
Day 10
Fraction 1 .69  1 .03 0.67 0.49 0 .42 0 .03 0.01
Salinity 5  1 5   ^ 0.5 0 30 40
Day 15
Fraction 1 . 8 1  0 .92 0.50 0 .40 0.36 0 .02  <0.01
Salinity 5  1 5  -j 0  0.5 30 40
Table 3-111
Results of correlation analysis of polyps and the reciprocal 
of buds. N = sample size, r = correlation coefficient, * = 
significance.
Salinity N r_________ p_____
0.5 13 0.58 <0.05 *
1 12 0.76 <0.01 *
5 9 0.77 <0.02 *
15 6 0.12 >0.50
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Figure 3-2. The relationship between the number of polyps and 
buds through time for each salinity treatment.
these studies suggest that growth can potentially occur between 5 to 20 %o. Though the 
hydroid was unable to grow outside this range (5-20%o) in the present study, this hydroid 
has been found in salinities between 0.5 and 30%o (Calder, 1976) which may suggest 
some ability to grow at these extremes in salinity.
The difference between laboratory and known field distributions may be accounted 
for in several ways. The most likely reason is that within estuaries salinity fluctuates 
daily and seasonally (Pritchard, 1952). It is possible that growth varies temporally 
according to these fluctuations in salinity. The hydroid can then maintain itself under 
unfavorable conditions for periods ranging from hours to at least two weeks. The 
mechanism by which the hydroid maintains itself, on a time scale of days to weeks, is 
by converting polyps into buds and vice versa (see later discussion). Fluctuations in 
salinity vary among estuaries and within estuaries, spatially and temporally, as a result 
of tidal cycles, recent storms, wind patterns, fresh water discharge, etc. Within most 
estuaries there are enough fluctuations in salinity to explain nearly all the differences 
between the laboratory results and the natural distribution. The principal exception is at 
30% at which there is not enough fluctuation in salinity to account for G. franciscana 
being found at this salinity.
A reason for this discrepancy might be a result of the quantity or quality of food. 
The growth rate of Garveia is related, in part, to food quantity (Partaly, 1974; Turpayeva 
et al, 1977). It is possible that under laboratory conditions growth was underestimated 
in all salinities. Although Artemia larvae are widely used as a food source, some 
investigators have supplemented cultured hydroid diets with polychaetes and copepods. 
The effect of these dietary supplements, however, has not been documented (Davis,
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1971). Moreover, perhaps because of osmotic stress, some hydroids in the more extreme 
salinity treatments may have required more energy in order to grow, thus needing a 
higher quality or quantity of food.
Garveia franciscana is usually found in areas with moderate water flow (Morri, 
1985). Lack of water flow in the tanks may have affected the growth in this experiment.
Temperature is also known to influence growth. Kinne (1956, as cited in Remane and 
Schlieper, 1971), who worked with another brackish water hydroid Cordylophora caspia, 
found that temperature had a variable affect on growth in different salinities. He found 
that in 17%o C. caspia grew best at 20°C while in 10%o it grew best at 10°C (as cited 
in Perkins, 1974). G. franciscana is active within a temperature range of 9 to 30°C 
(Calder, 1990). Perhaps growth occurs in salinities outside the range of 5 to 20%o under 
different temperature regimes.
In conclusion, quantity and quality of food, lack of water flow, and temperature may 
account for some discrepancies between laboratory data and the natural distribution. 
Fluctuations in salinity may account for most differences between laboratory data and the 
natural distribution. Although laboratory data and the natural distribution do not 
correspond perfectly, there is general agreement, especially when considering natural 
estuarine fluctuations in salinity. Thus, the affect of salinity on growth may be a 
mechanism that limits distribution of this hydroid to estuarine waters and its highest 
abundances to within oligohaline to low-mesohaline salinities.
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Adaptation to Osmotic Stress
Within estuarine waters, it is possible that G. franciscana can maintain itself during 
unfavorable salinity conditions for extended periods of time by converting polyps into 
buds and vice versa. Since buds do not have tentacles, they have less surface area. This 
would be beneficial in reducing osmotic stress in unfavorable salinity conditions.
In all treatments, salinity shock may have resulted in some polyps converting to buds 
within the first week of the experiment. Moreover, except for the colonies exposed to 
15%o which had no osmotic stress, in the lower salinities the number of polyps tended 
to be highly correlated with the reciprocal number of buds. Also, the total number of 
buds and polyps for the 0, 0.5, 1, and 15%o treatments polyps remained fairly constant 
within each treatment from day 5 through day 15. However, the 0 %o treatment had only 
buds, the 0.5 and 1 %o appeared to switch between polyps and buds, while the 15%o had 
almost all polyps; suggesting that buds are maintained in osmotically stressful conditions.
In the lower salinity treatments, buds were observed with tentacles folded inside the 
hydrotheca, but these tentacles could be everted. Lohse (personal communication) also 
observed similar behavior while working with G. franciscana held under low oxygen 
concentrations (Lohse & Diaz, 1993). Therefore, this behavior of maintaining polyps 
as buds may be an adaptation to environmental stress, and not just osmotic stress.
Hydroids are known to resorb polyps, or regress, seasonally due to variations in 
temperature and salinity (Crowell & Darnell, 1955; Calder, 1990). Resorption can take 
place in relative short periods of time (Tusov & Davis, 1971). The behavioral adaptation 
of maintaining polyps as buds does not appear to be related to the resorption and 
regression of Garveia (Calder, 1990). The method by which hydroids regress and resorb
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tissue is by first resorbing the tentacles, then closing the mouth, and then to resorb the 
remainder of the hydranth (Morse, 1909). Thus, maintaining polyps as buds is not 
consistent with the method of resorption.
The behavioral adaptation of changing polyps into buds would allow G. franciscana 
to withstand periods of extreme environmental stress, until a more favorable condition 
arose. This is an adaption that would be quite advantageous in an estuarine environment, 
where large fluctuations in salinity occur daily as well as seasonally and oxygen stress 
occurs periodically throughout the summer.
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CONCLUSIONS
Limited research has been conducted on succession of oligohaline epifaunal 
communities. Preliminary observations of the fouling community in the upper reaches 
of the James River indicated that the community was seasonal in nature and dominated 
by the hydroid Garveia franciscana. To gain a better understanding of the community 
three studies were conducted: one on the succession and community structure of that 
community, another investigating the distribution of hydroids within the James River 
Estuary, and the last examining the salinity tolerance of the dominant fouling organism.
Recruitment of fouling organisms occurred between May and October, with the 
community being dominated by Garveia franciscana. The community structure consisted 
of large masses of G. franciscana covered with Corophium lacustre tubes. This matrix 
was inhabited by various other species. The community structure did not depend on age 
of the substrate or the time of year it was deployed. Disturbance did not have a large 
effect on the community. Facilitation of hydroids by barnacles occurred at the beginning 
of the fouling season, however, biological interactions were not important in determining 
community structure. Species composition was influenced by seasonal processes, rather 
than biological interactions.
The hydroid survey of the James River yielded twelve species of a known 43 that 
have been reported from the Chesapeake Bay. The most commonly found species was 
Garveia franciscana', it was found within a range of 0-23 %o and 12-30°C. The observed 
pattern of distribution for most species, including Garveia franciscana, agreed with the
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results of previous studies. However, Clytia spp. and Obelia bidentata seemed to be 
limited to meso-polyhaline regions whereas other studies have shown these taxa to be 
abundant in oligohaline regions.
The laboratory data from the salinity/growth experiment and the known natural field 
distribution of Garveia franciscana do not correspond perfectly, but there is general 
overall agreement when considering natural fluctuations in salinity. Thus, the effect of 
salinity on growth may be a mechanism that limits the distribution of G. franciscana to 
estuarine waters and its highest abundances to within oligohaline to low-mesohaline 
salinities. A behavioral adaptation of G. franciscana to osmotic stress was proposed. 
This hydroid seems to have the ability to maintain polyps as buds, thus reducing osmotic 
stress by reducing the surface area exposed to the environment. This adaptation may 
allow G. franciscana to withstand periods of environmental stress until more favorable 
conditions arise. This adaptation could be advantageous in an estuarine environment 
where large changes in salinity occur daily as well as seasonally.
In summary, a study of the fouling community within an oligohaline region of an 
estuary was conducted simultaneously to a survey of the hydroids within that subestuary. 
An additional laboratory experiment examined the effect of salinity on a dominant 
epifaunal organism. The three studies showed that seasonality and salinity play a major 
role in determining the epifaunal community in a temperate estuary.
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